Several groups of Amazonian fishes exhibit behavioral, morphological and physiological characteristics that allow occupying hypoxic environments, despite the energetic costs of living in such harsh conditions. One of the supposed advantages of occupying hypoxic habitats would be a lower predation pressure resulting from a lower number of piscivorous fishes in those environments. We tested this hypothesis in an area of the Amazon River floodplain through gill net fishing in normoxic and hypoxic habitats. From the 103 species caught, 38 were classified as piscivores. We found no difference in the number of piscivorous species captured in hypoxic and normoxic habitats (χ 2 = 0.23; p = 0.63; df = 1) but piscivorous individuals were more numerous in normoxic than in hypoxic sampling stations (χ 2 = 104.4; p < 0.001; df = 1). This indicates that environments submitted to low oxygen conditions may in fact function as refuges against piscivorous fishes in the Amazonian floodplains.
Introduction
The Amazon basin covers an area of about 7,000,000 km 2 and contains one of the richest freshwater fish faunas of the world (Roberts, 1972; Santos and Ferreira, 1999; Reis et al., 2003) . The distribution, composition, and abundance of fish communities in the Amazon are affected by a diverse array of chemical, physical, and biological factors. Among these, the availability of dissolved oxygen has been shown to be a critical determinant of community structure (Kramer et al., 1978; Junk et al., 1983; Saint-Paul and Soares, 1987; Crampton, 1998) . In várzea floodplains (lowlands seasonally flooded by turbid water rivers), dissolved oxygen is subjected to large seasonal variations, as well as daily fluxes (Schmidt, 1973; Junk, 1980; Melack and Fisher, 1983; Furch and Junk, 1997) .
Fish inhabiting várzea floodplains have developed diverse morphological, physiological, and behavioral mechanisms to cope with periodically hypoxic conditions that occur, especially during the flooding season (Saint-Paul, 1984; Saint-Paul and Soares, 1987; AlmeidaVal and Hochachka, 1995; Val and Almeida-Val, 1995; Soares and Junk, 2000) . However, these mechanisms may represent a costly trade-off to individuals both in terms of energy and time, limiting the energy invested in than inside the flooded forest, and are lower during the flooded than the dry season (Do Vale, 2003 ; present study). ; depth 2.10-5.15 m).
Methods

Data were collected in May and
Dissolved oxygen concentration was measured approximately 20 cm below the surface with an YSI 55 portable digital oxymeter. Fish were captured using sets of five nets with mesh sizes of 30, 50, 70, 90, and 110 mm, covering an area of 100 m 2 . The nets were set for 24 hours at each site, and fish were removed every six hours.
The captured individuals were classified to species and then as either piscivorous or non-piscivorous, based on the stomach contents of collected specimens and/or from information available in the literature. Piscivorous fishes were defined as species consuming fish frequently or exclusively (Goulding, 1980; Soares et al., 1986; Ferreira et al., 1998) . The Chi-square test (Zar, 1996) was employed to test for differences in the abundance and species richness of piscivorous fishes between the normoxic and hypoxic sampling points.
Results
A total of 1174 fishes from 22 families, 74 genera, and 103 species was captured. Among the species, 38 were classified as piscivorous; from these, 20 (52.6%) occurred in both normoxic and hypoxic environments, 11 (28.9%) exclusively in normoxic conditions, and seven (18.4%) exclusively in hypoxic conditions. At the hypoxic sampling points, 690 fish of 78 species were captured; from these, 73 individuals (10.6%) and 27 species (34.6%) were piscivorous. At the normoxic sampling points, 484 individuals of 81 species were collected; from these, 170 individuals (35.1%) were piscivorous, represented by 31 (38.3%) species. A complete list of the species collected is available by request from the corresponding author.
We found no difference in the number of piscivorous species captured in hypoxic and normoxic environments (χ 2 = 0.23; p = 0.63; df = 1; Figure 2 ). However, we captured more piscivorous fish at the normoxic than at the hypoxic sampling points (χ 2 = 104.40; p < 0.001; df = 1; Table 1 ).
Discussion
The concentration of dissolved oxygen is an important factor that influences the spatial distribution foraging, growth, and reproduction and further contributing to an overall energy deficit. Individuals in hypoxic environments are also more vulnerable to predation, as individuals often obtain oxygen from the water surface, exposing them to both aquatic and aerial predators (Kramer et al., 1983) .
The occurrence of adaptations to low oxygen conditions in phylogenetically distant groups and the diversity and abundance of fish inhabiting hypoxic environments indicate adaptive convergence. One of the advantages of being able to inhabit hypoxic environments may be a reduction in predation pressure, since fewer piscivorous fish are supposed to inhabit these areas (Junk et al., 1983) . The aim of this study is to assess the spatial distribution of piscivorous fishes in relation to the dissolved oxygen content in central Amazonian floodplain lakes, in order to examine whether predation pressure is lower in hypoxic than in normoxic environments.
Material and Methods
Study area
The study site is located in Catalão, a floodplain area located approximately 15 km from Manaus, near the confluence of the Solimões and Negro Rivers (3° 10' 04'' S and 59° 54' 45'' W) (Figure 1 ). This is a low-lying region with a series of interconnected lakes that, depending on the water level, may become isolated from the surrounding rivers and surrounded by dry várzea forest (Junk, 1980) . The Catalão area is influenced mainly by the white waters of the Solimões River, which has a neutral pH, high electric conductivity and is loaded with suspended solids. Nevertheless, in some years the highly acidic and low conductivity waters from the Negro River may also influence the area (L. F. Alves and A. Darwich, pers. comm.) . Dissolved oxygen concentration varies due to local conditions as well as to the hydrologic period. of fish and their interactions (Kramer, 1987; Chapman et al., 1995; McKinsey and Chapman, 1998) . In the Catalão floodplain, the distribution of piscivorous fish was related to the dissolved oxygen present in the water. Areas with low dissolved oxygen concentrations had fewer piscivorous fish when compared to normoxic areas. These hypoxic areas seem to be serving as refuges for prey species, in function of a supposed lower frequency of predator-prey encounter rate. Chapman et al. (1995; 1996a; 1996b) found that native fish in Lake Victoria use swampy, hypoxic areas along the margin as refuges against predation by Nile perch (Lates niloticus (Linnaeus, 1758), Perciformes: Latidae), an introduced species that has little tolerance for low dissolved oxygen concentrations. Despite the ability of many Amazonian species to tolerate low dissolved oxygen concentrations (Saint-Paul, 1984; Saint-Paul and Soares, 1987; AlmeidaVal and Hochachka, 1995; Val and Almeida-Val, 1995; Soares and Junk, 2000; Chiparri-Gomes et al., 2003) , the relatively low density of piscivorous fish in our hypoxic our sampling sites, we believe that flooded forests (hypoxic sampling sites) are structurally more complex than open-water areas (normoxic sampling sites). Prey species are known to move to areas with more complex habitat structure where predator efficiency (especially that of visually guided predators) may be lower (Werner et al., 1983; Mittelbach, 1986; Brown and Moyle, 1991) . Additionally, the sampling gear used in the present study may have underestimated the abundance of certain types of predatory fish, since gill-net capture rates are dependent on the movement of fish through a given area. Thus, we probably captured fewer "sit-and-wait" predators than that actively pursue their prey. Nevertheless, there is no reason to believe that such sampling bias have affected differently our catches in open areas or in the flooded forest. Junk et al. (1983) found a high proportion of juvenile fish inhabiting hypoxic environments in Lake Camaleão, a floodplain area close to the Catalão. While we cannot confirm this fact in our sampling sites (the mesh-size of our nets precluded the capture of many juveniles), we believe that hypoxic environments in várzea, especially floating macrophytes stands, are important for the protection of juvenile fish (Araújo-Lima et al., 1986; Sánchez-Botero and Araújo-Lima, 2001 ), which further contribute to improve the survival rate of non-predatory species.
sampling sites suggests that, in the Catalão area, piscivorous species may be less tolerant to low oxygen conditions than the fish community at large.
Low dissolved oxygen availability exerts a strong evolutionary selective pressure for a variety of morphological, physiological, and behavioral adaptations that allow survival in hypoxic conditions. Morphological adaptations include the expansion of gill surface area and the presence of specialized organs for aerial respiration, whereas behavioral and physiological adaptations include lower levels of activity, changes in respiration rate, an increased use of the water-air interface, lower metabolic rates, and variations in the hemoglobin concentration in the blood (e.g., Hochachka, 1982; Kramer, 1987; Graham, 1997; Chapman et al., 2002) . Of the seven species found exclusively at our hypoxic sampling sites, five are known to have mechanisms that allow survival in hypoxic environments: Cichla monoculus Spix and Agassiz, 1831 (enzymatic adjustmens) , Gymnotus carapo Linnaeus, 1758 (facultative aerial respiration using the modified swim bladder) (Liem et al., 1984) , Hoplias malabaricus (Bloch, 1794) (anaerobic metabolism and aquatic surface respiration) (Driedzic et al., 1978; Soares, 1993) , Osteoglossum bicirrhosum (Cuvier, 1829) (aquatic surface respiration) (Soares, 1993) and Sternopygus macrurus (Bloch and Schneider, 1801) (aquatic surface respiration) (Crampton, 1998) . At present, we are unable to understand the precise influence that hypoxic environments have on fish distribution in várzea floodplains. Further behavioral studies are necessary to understand how factors such as surface-breathing habits may allow piscivorous species to occupy these environments.
The ability to withstand low oxygen concentrations seems to be important in order to occupy habitats with lower predation pressure in the floodplains. Nevertheless, the structural complexity of aquatic environments may also influence the predation pressure to which prey species are exposed. Although we did not quantitatively measure the structural complexity of 
